CHAPTER 4. WATER QUALITY

METHODS

Water Temperature

Nine temperature recorders were originally installed in the San Juan and Animasriversin July and
August of 1992 at thelocationsshownin Table4.1. Each station consisted of atemperature sensor,
lead wiresand an OMNIDATA DP-230 datapod. Thetemperature was sampled every 10 minutes
and stored every 24 hours as a maximum, minimum and mean temperature for the day. Table 2.2
also showsthe periods of record at each site. The missing datawere caused by equipment problems.
Due to equipment problems and other maintenance challenges, the temperature recorders were
replaced in July 1999 with the Optic StowAway temperature loggers. These are manufactured by
Onset Computer Corporation and are factory sealed, submersible units that communicate via an
opticinterface. Thetemperature sensor isembedded inthe body of the unit, eliminating any external
wires. Water temperatureiscurrently recorded every 15-minutes. The“inplace” phraseinTable4.1
indicates that StowAway’ s are monitoring temperature at the indicated sites.

Water Chemistry

Twelvewater quality monitoring sites (Table4.2) wereidentified as necessary to characterize water
quality in the San Juan River and key tributaries. Sampling interval are quarterly (trimonthly) in
February, May, August, and November. This temporal spacing was adopted to ensure water
sampling occurs during spring runoff in the upper portion of the San Juan River basin and during
winter base flows,

Chemical analysesperformed arelistedin Table4.3. Parameterslistedinleft columnweremeasured
quarterly. In addition, field measurements of water temperature, pH, redox potential, specific
conductance, and dissolved oxygen were made. Annually, during low-flow periods in February,
water samples were analyzed for al parameterslisted in Table 4.3.

RESULTS

Water Temperature

The plot of the 1999 StowAway temperature datais shownin Figure4.1. Maximum, minimum and
average plots are shown for Archuleta and Montezuma Creek in Figures 4.2 and 4.3. The missing
datain Figures4-2 and 4-3 isthe interval between getting the new temperature equipment installed
and the old equipment running out of data strorage space and/or power. Thereis alot of water
temperature datamissing from 1998 dueto equi pment problemsand thusmax, min and average plots
are not shown for the other stations. The new equipment appears to be operating well and should
provide a more consistent and reliable record.
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Table 4.1.

Water temperature monitoring locations and period of record.

Location RM Period of Record

Near Navajo Dam 225 7/9/1999 to 11/17/99 (in place)

Archuleta - San Juan at USGS Gage 218.6  7/23/92 to 11/17/99 (in place)

Location

Blanco - San Juan at US-64 Bridge 207.1  8/7/92 to 2/28/95 (missing 11/21 -
12/9/92)

Bloomfield - San Juan at Highway 44 195.6  2/27/93 to 7/17/98

Bridge

Lee Acres - San Juan at Lee Acres Bridge 188.9  8/8/92 to 12/2/92, 2/26/93 to 4/15/93,
5/27/93 to 9/6/94, 3/9/95 to 10/10/95

Farmington - San Juan at USGS Gage 180.1 8/5/92 to 1/16/96, 7/8/99 to 11/15/99

Location (in place)

Shiprock - San Juan at USGS Gage 148.0  7/8/99 to 11/16/99 (in place)

Location

Four Corners - San Juan at USGS Gage 119.4  10/7/94 to 3/11/96*, 7/9/99 to 11/16/99

Location (in place)

Montezuma Creek - San Juan at 93.6 8/9/92 to 1/11/93, 2/25 to 3/14/93, 4/14

Montezuma Creek Bridge to 5/10/93, 5/28/93 to 11/16/99 (in
place)

Mexican Hat - San Juan near Bluff Gage 52.1 7/9/99 to 11/16/99 (in place)

Location

Cedar Hill - Animas at USGS Gage nr n/a 8/7/92 to 9/22/98

Cedar Hill

Farmington - Animas at USGS Gage n/a 8/5/92 to 4/14/97, 5/7/97 to 8/26/97,

Location 10/15/97 to 6/4/98, 7/8/99 to 11/15/99

(in place)

USGS Data - San Juan at Archuleta 218.6  10/1/50 - 9/30/68 with some missing
data

USGS Data - San Juan at Shiprock 148.0 10/1/51 - 9/30/86,9/7/91 - 3/3/93 with
some missing data

USGS Data - Animas n/a 10/1/52 - 9/30/90 with some missing

data

Note all locations missing October 1992 data

* installed 8/10/92 but bad data was logged until thermistor was changed in October 1994. Prior to this time it was
thought sediment accumulation was causing the warmer readings instead of bad thermistor.
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Table 4.2.

San Juan River water quality monitoring sites.

Station Name USGS ID USGS Record BIA Record
San Juan River near Archuleta Bridge 9355500 1958 -1984 1991-1999
Animas River @ Farmington 9364500 1958 -1992 1991-1999
San Juan River @ Farmington 9365000 1974 -1991 1991-1999
LaPlata River near Farmington 9367500 1977-1991 1994-1999
San Juan River @ Shiprock 9368000 1958 -1992 1991-1999
Mancos River near Four Corners 9371005 1991-1999
San Juan River @ Four Corners 9371010 1977-1990 1991-1999
San Juan River @ Montezuma Creek 9378610 1991-1999
San Juan River @ Bluff 9379495 1991-1999
San Juan River near Bluff (@ Mex. Hat) 9379500 1974 -1993 1991-1999

Table 4.3. San Juan River Monitoring Program water quality parameters.

Quarterly

Arsenic (total & dissolved)

Calcium (dissolved)

Copper (total & dissolved)

Lead (total & dissolved)

Magnesium (dissolved)

Mercury (total & dissolved)

Sodium (dissolved)

Selenium (total, dissolved, & total recoverable)

Annually

Aluminum (total & dissolved)
Barium (total & dissolved)
Manganese (total & dissolved)
Nickel (total & dissolved)
Potassium (total & dissolved)
Strontium (total & dissolved)
Orthophosphate (total & dissolved)
Chloride (dissolved)

Zinc (total & dissolved)
Alkalinity (HCO,)

Ammonia (dissolved)
Nitrate (dissolved0

Hardness Nitrite (dissolved)

TDS Silica (total & dissolved)
TSS Sulfate (dissolved)
Turbidity
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Figure 4.2. Archuleta Maximum, Minimum and Average Daily Water Temperatures
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Figure 4.3. Montezuma Creek Maximum, Minimum and Average Daily Water
Temperatures

Water Chemistry

Tables4.4 through 4.13 summarize the water quality datafor the 10 permanent stations, comparing
the 1994-1998 statisticsto thosefor 1999. 1n each case the minimum, maximum, mean and standard
deviation is given for each parameter in Table 4.3.
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Table 4.4.

Water chemistry data for San Juan River at Archuleta Bridge

San Juan River at Archuleta 1994-1998 1999
Bridge
Parameter N of Minimum Maximum  Mean Standard N of Minimum Maximum  Mean Standard
cases Dev cases Dev
Bicarbonate (mg/l) 31 43 99 74.8 9.5 4 54 78 69.8 10.8
Alkalinity (mg/l) 31 43 99 75.2 9.6 4 54 78 69.8 10.8
Arsenic dissolved (ug/l) 59 0.3 25 2 0.8 4 0.9 1 1 0.1
Arsenic total (ug/l) 59 0.5 642 13.2 83.3 4 0.5 5 1.9 2.1
Calcium dissolved (mg/l) 31 25.1 33.6 29.3 2.6 4 27.2 30 28.3 1.3
Copper dissolved (ug/l) 31 1 21 3.8 3.7 4 2 4 2.9 1.1
Copper total (ug/l) 31 1 41 8 10.4 4 15 5 3.4 15
Hardness ((mg/l) 31 83 112 96.4 8.6 4 90 98 93.5 3.7
Mercury dissolved (ug/l) 59 0.1 0.5 0.1 0.1 4 0.1 0.1 0.1 0
Mercury total (pg/l) 59 0.1 0.1 0.1 0 4 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 31 4.9 6.9 5.6 0.5 4 5.4 5.7 55 0.2
Sodium dissolved (mg/l) 8 10.7 15.3 12.9 15 4 11.9 13.2 12.6 0.7
Lead dissolved (ug/l) 59 0.1 5.7 0.6 0.9 4 0.1 1.6 0.5 0.8
Lead total (ng/l) 59 0.1 19.2 14 2.7 4 0.2 1 0.5 0.4
Selenium dissolved (ug/l) 59 0.5 0.5 0.5 0 4 0.5 0.5 0.5 0
Selenium total (ug/l) 59 0.5 3 0.5 0.3 4 0.5 1 0.6 0.3
Selenium total recoverable (ug/l) 9 0.5 0.5 0.5 0 4 0.5 0.5 0.5 0
Total dissolved solids (mg/l) 29 90 280 163.4 41.1 4 130 150 135 10
Total suspended solids (mg/l) 58 1 57 9.5 10.3 4 25 25 25 0
Turbidity (NTU) 56 0 33 6 54 4 2.1 8.3 4.9 3
Zinc dissolved (pg/l) 59 5 70 7.4 9.2 4 5 5 5 0
Zinc total (ng/l) 59 5 360 27.5 54.8 4 5 10 7.5 29
Temperature (°C) 59 3.4 19.9 8.1 3 4 6.1 9.3 7.6 1.3
pH 59 7.2 9 8.2 0.4 4 7.6 8.1 7.8 0.2
Conductance (umhos/cm) 59 200 1210 260 128.8 4 210 250 230 18.9
Redox Potential (mv) 59 223 527 380 69.3 4 228 479 365 105
Oxygen dissolved (mg/l) 58 5.4 14.3 10.5 1.5 4 9.1 11.2 10.1 0.9
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Table 4.5.  Water Chemistry data for Animas River at Farmington

Animas River at Farmington 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum _Mean Dev cases Minimum Maximum _Mean Dev
Bicarbonate (mg/l) 30 43 167 116.8 34.5 4 86 171 126.8 35.2
Alkalinity (mg/l) 30 43 167 117.6 34.7 4 86 171 126.8 35.2
Arsenic dissolved (pg/l) 59 0.3 25 1.9 0.8 4 0.7 2 1.2 0.6
Arsenic total (ug/l) 59 0.5 13 2.6 1.8 4 0.5 4 2 1.6
Calcium dissolved (mg/l) 30 27.6 96.1 68.6 21.7 4 37.7 101 711 28.3
Copper dissolved (ug/l) 30 1 9 4 2.2 4 2 4.1 3.3 1
Copper total (ug/l) 30 25 68 14.8 15.1 4 15 13 7.9 55
Hardness ((mg/l) 30 85 304 217.7 71.2 4 117 319 224.8 91.8
Mercury dissolved (ug/l) 59 0.1 0.1 0.1 0 4 0.1 0.1 0.1 0
Mercury total (ng/l) 59 0.1 0.9 0.1 0.1 4 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 30 3.8 19.2 11.3 4.2 4 5.6 16.2 114 5.1
Sodium dissolved (mg/l) 7 6 34.6 25.9 9.3 4 7.3 37.7 22.1 15.1
Lead dissolved (ug/l) 59 0.1 4.5 0.6 0.6 4 0.1 0.3 0.2 0.1
Lead total (pg/l) 59 0.5 80 14.3 18.7 4 0.5 43.2 11.4 21.2
Selenium dissolved (ug/l) 59 0.5 3 0.6 0.3 4 0.5 0.5 0.5 0
Selenium total (ug/l) 59 0.5 4 0.6 0.5 4 0.5 1 0.6 0.3
Selenium total recoverable (ug/l) 9 0.5 0.5 0.5 0 4 0.5 1 0.6 0.3
Total dissolved solids (mg/l) 29 110 520 320.7 120 4 180 500 330 154.5
Total suspended solids (mg/l) 58 1 2170 144.3 331.2 4 25 166 82.6 88.4
Turbidity (NTU) 56 0.9 1240 74.9 195.7 4 2.8 87 38.4 42.1
Zinc dissolved (pg/l) 59 5 40 9.6 7.4 4 5 20 10 7.1
Zinc total (ng/l) 59 5 430 89.1 86.6 4 10 100 52.5 44.3
Temperature (°C) 59 -0.2 27.3 11.5 7 4 5.2 16.3 11.5 5
pH 59 7.5 8.9 8.2 0.3 4 7.8 8.5 8.2 0.3
Conductance (umhos/cm) 59 200 970 550 180.6 4 280 720 500 209.5
Redox Potential (mv) 59 253 545 395 66.2 4 357 482 412 51.9
Oxygen dissolved (mg/l) 58 3.7 13.2 9.5 2.1 4 7.6 111 9.5 1.7
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Table 4.6.

Water Chemistry data for San Juan River at Farmington Bridge

San Juan River at Farmington

Bridge 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum Mean Dev cases Minimum Maximum Mean Dev
Bicarbonate (mg/l) 29 49 143 103 23.4 4 84 110 100 11.6
Alkalinity (mg/l) 29 49 143 103.3 23 4 84 110 100 11.6
Arsenic dissolved (ug/l) 59 0.3 5 2.1 0.9 4 0.9 2 1.2 0.5
Arsenic total (ug/l) 59 0.5 7 2.6 1.2 4 1 25 1.9 0.6
Calcium dissolved (mg/l) 29 28.8 83.5 54.3 15.4 4 32.8 55.9 49.5 11.2
Copper dissolved (ug/l) 29 1 10 4 25 4 1 5 3.2 2
Copper total (ug/l) 29 25 50 171 12.3 4 25 10 5.4 3.3
Hardness ((mg/l) 29 91 265 171.8 48.6 4 105 178 157.5 351
Mercury dissolved (ug/l) 59 0.1 0.2 0.1 0 4 0.1 0.1 0.1 0
Mercury total (ng/l) 59 0.1 0.2 0.1 0 4 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 29 4.6 13.9 8.8 25 4 5.6 9.4 8.2 1.8
Sodium dissolved (mg/l) 6 27.5 46.7 36.6 7.1 4 12.2 37 26 11.8
Lead dissolved (ug/l) 59 0.1 4 0.6 0.6 4 0.1 0.2 0.2 0.1
Lead total (ng/l) 59 0.5 105 12 16.3 4 0.5 19.3 6 8.9
Selenium dissolved (ug/l) 59 0.5 2 0.5 0.2 4 0.5 1 0.6 0.3
Selenium total (ug/l) 59 0.5 25 0.6 0.3 4 0.5 1 0.8 0.3
Selenium total recoverable (ug/l) 9 0.5 0.5 0.5 0 4 0.5 0.5 0.5 0
Total dissolved solids (mg/l) 29 140 450 293.4 87.4 4 190 330 265 59.7
Total suspended solids (mg/l) 58 25 2660 244.8 397.8 4 14 424 166 180.2
Turbidity (NTU) 56 25 1880 110.4 265.2 4 13 116 44.1 48.5
Zinc dissolved (pg/l) 59 5 30 7.7 5.8 4 5 5 5 0
Zinc total (ng/l) 59 5 320 63.1 53.5 4 5 100 43.7 45
Temperature (°C) 59 -0.3 24.3 10.6 6.3 4 55 14.8 9.9 3.9
pH 59 7.2 8.8 8.1 0.3 4 7.8 8.5 8.1 0.3
Conductance (umhos/cm) 59 200 700 430 118.4 4 270 620 420 144.3
Redox Potential (mv) 59 252 535 400 61.3 4 384 477 431 38
Oxygen dissolved (mg/l) 58 0 12.5 8.9 2.2 4 6.8 9.7 8.6 1.3
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Table 4.7.

Water chemistry data for La Plata River near Farmington

La Plata River near Farmington 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum _Mean Dev cases Minimum Maximum _Mean Dev
Bicarbonate (mg/l) 21 111 370 230 57.6 4 197 290 240.3 45.8
Alkalinity (mg/l) 21 111 370 230 57.6 4 198 290 240.5 45.5
Arsenic dissolved (pg/l) 50 0.2 5 2.3 0.9 4 1 25 1.9 0.8
Arsenic total (ug/l) 50 0.5 29 4.2 5.4 4 2 7 4.1 2.3
Calcium dissolved (mg/l) 21 65.4 507 175.4 97.3 4 108 339 212.3 96.9
Copper dissolved (ug/l) 21 1 20 9.1 5.8 4 4 8 5.8 1.7
Copper total (pg/l) 21 25 136 24 30 4 15 39 18.1 17.9
Hardness ((mg/l) 21 279 2120 778.5 419.6 4 461 1410 901 389.6
Mercury dissolved (ug/l) 50 0.1 0.1 0.1 0 4 0.1 0.1 0.1 0
Mercury total (pg/l) 50 0.1 1.7 0.2 0.3 4 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 21 18.1 208 82.7 44.6 4 46.4 136 89.9 37.6
Sodium dissolved (mg/l) 1 118 118 118 . 4 56.7 453 238.9 177
Lead dissolved (ug/l) 50 0.1 1 0.4 0.2 4 0.1 0.5 0.3 0.2
Lead total (ng/l) 50 0.3 408 17.7 60.5 4 0.5 18.2 5.5 8.5
Selenium dissolved (ug/l) 50 0.5 4 1.2 0.9 4 0.5 1 0.6 0.3
Selenium total (ug/l) 50 0.5 10 15 1.7 4 0.5 3 11 1.3
Selenium total recoverable (ug/l) 5 0.5 2 1.1 0.6 4 0.5 2 1 0.7
Total dissolved solids (mg/l) 21 80 3240 1263.3 679.4 4 900 3220 1905 985.3
Total suspended solids (mg/l) 50 2 65600 2100 9689.7 4 25 1870 497.6 916.2
Turbidity (NTU) 50 0.6 18900 588.5 2692.6 4 0.1 430 108.4 214.4
Zinc dissolved (pg/l) 50 5 20 6.3 3.8 4 5 10 8.8 25
Zinc total (ng/l) 50 5 1850 86 273.9 4 10 70 25 30
Temperature (°C) 50 -0.3 32.2 12.8 8.7 4 23 24.9 14 10.5
pH 50 7.4 8.5 8.1 0.2 4 7 8.2 7.8 0.5
Conductance (umhos/cm) 50 270 3740 1660 691.4 4 1040 3590 2180 1116.2
Redox Potential (mv) 50 239 498 390 61 4 287 460 391 75.2
Oxygen dissolved (mg/l) 49 3.1 12.8 8.8 2.2 4 7.1 10.4 8.6 1.7
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Table 4.8. Water chemistry data for San Juan River at Shiprock Bridge

San Juan River at Shiprock Bridge 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum _Mean Dev cases Minimum Maximum _Mean Dev
Bicarbonate (mg/l) 55 17 165 108.4 29.6 8 47 139 105.8 28
Alkalinity (mg/l) 55 17 166 109.8 30.1 8 47 139 105.8 28
Arsenic dissolved (ug/l) 114 0.5 25 2 0.7 8 0.6 1 0.9 0.2
Arsenic total (ug/l) 113 1 44 4.2 5.9 8 0.5 9 3.9 3.7
Calcium dissolved (mg/l) 55 30.8 96.3 59.9 16.8 8 36.8 74.2 57.3 141
Copper dissolved (ug/l) 55 1 18 4.9 3.4 8 15 6 3.3 1.6
Copper total (pg/l) 55 25 155 28.7 325 8 3 65 27.9 25.7
Hardness ((mg/l) 55 98 317 195.9 56.9 8 115 248 186.3 49.6
Mercury dissolved (ug/l) 114 0.1 0.3 0.1 0 8 0.1 0.1 0.1 0
Mercury total (pg/l) 114 0.1 1.6 0.1 0.2 8 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 55 5.2 18.6 11.2 3.8 8 5.7 15.1 10.5 3.6
Sodium dissolved (mg/l) 8 13 58.5 41.4 135 8 21.8 48 33.3 11.6
Lead dissolved (ug/l) 114 0.1 18 1 25 8 0.1 0.9 0.3 0.3
Lead total (ng/l) 113 0.5 323 26.7 45.4 8 1 65.8 214 28
Selenium dissolved (ug/l) 114 0.5 1 0.5 0.1 8 0.5 0.5 0.5 0
Selenium total (ug/l) 114 0.5 3 0.6 0.4 8 0.5 2 0.8 0.5
Selenium total recoverable (ug/l) 18 0.5 1 0.6 0.2 8 0.5 2 0.9 0.5
Total dissolved solids (mg/l) 54 130 550 343.1 107.3 8 220 430 313.8 82.1
Total suspended solids (mg/l) 112 25 17700 1057.8 3091.6 8 28 3280 895 1443.1
Turbidity (NTU) 110 3.8 11100 546 1730.3 8 11.2 1800 430.7 743.5
Zinc dissolved (pg/l) 114 5 50 7.3 6.1 8 5 20 7.5 5.4
Zinc total (ng/l) 114 5 1380 121.3 229.4 8 10 490 136.3 160.5
Temperature (°C) 114 0.1 26.1 12.2 6.9 8 7.2 18.6 12.1 5.2
pH 114 7.7 9 8.3 0.3 8 7.7 9 8.2 0.5
Conductance (umhos/cm) 114 240 830 520 150 8 330 650 510 130.2
Redox Potential (mv) 114 250 544 407 64.8 8 404 484 428 32.1
Oxygen dissolved (mg/l) 112 3.6 13.9 9.5 2.4 8 7.9 11.7 9.8 2
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Table 4.9. Water chemistry data for Mancos River near Four Corners

Mancos River near Four Corners 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum _Mean Dev cases Minimum Maximum _Mean Dev
Bicarbonate (mg/l) 25 92 360 169.2 57 4 107 215 167 48.7
Alkalinity (mg/l) 25 92 360 172.4 56.6 4 107 215 167 48.7
Arsenic dissolved (ug/l) 48 0.3 5 2.1 0.9 4 1 4 2.2 1.3
Arsenic total (ug/l) 48 1 37 5.2 7.2 4 1 28 9.1 12.7
Calcium dissolved (mg/l) 25 43.6 201 129.1 49.8 4 66.5 211 167.6 68
Copper dissolved (ug/l) 25 25 19 8.7 55 4 6 20 11.3 6.7
Copper total (pg/l) 25 25 198 33 44.2 4 15 107 42.1 46
Hardness ((mg/l) 25 165 1040 617.7 276.6 4 283 1110 778.8 364.4
Mercury dissolved (ug/l) 48 0.1 0.1 0.1 0 4 0.1 0.1 0.1 0
Mercury total (pg/l) 48 0.1 0.5 0.1 0.1 4 0.1 2 0.6 1
Magnesium dissolved (mg/l) 25 13.7 136 71.8 37.5 4 28.4 145 87.3 56
Sodium dissolved (mg/l) 2 22 143 82.5 85.6 4 35.2 206 121.1 77.5
Lead dissolved (ug/l) 48 0.1 1 0.4 0.2 4 0.1 1 0.4 0.4
Lead total (pg/l) 48 0.2 77 10.8 17.8 4 0.4 78.6 20.1 39
Selenium dissolved (ug/l) 48 0.5 30 7.5 6.3 4 2 15 9.3 5.9
Selenium total (ug/l) 48 0.5 30 7.4 5.9 4 4 15 11 5
Selenium total recoverable (ug/l) 9 2 16 8 5.1 4 3 14 9.8 5
Total dissolved solids (mg/l) 24 240 2100 1135.8 538.1 4 440 2040 1407.5 696.1
Total suspended solids (mg/l) 47 25 6320 621.1 12215 4 12 33500 8650 16574.1
Turbidity (NTU) 47 3.9 2300 296.4 503.8 4 12,5 18500 4732.5 9180.1
Zinc dissolved (pg/l) 48 5 40 7.1 6.2 4 5 20 10 7.1
Zinc total (ng/l) 48 5 330 58.7 76.7 4 5 2300 596.2 1136.2
Temperature (°C) 48 -0.2 32.3 12.2 8.5 4 2.8 24.2 14 9.3
pH 48 7.8 8.8 8.2 0.2 4 7.8 8.4 8.1 0.3
Conductance (umhos/cm) 48 380 2450 1510 589.6 4 650 2330 1610 745.9
Redox Potential (mv) 48 4 548 400 87.9 4 375 484 426 447
Oxygen dissolved (mg/l) 47 4.8 12.7 9.3 2 4 6 11.9 9.2 2.7
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Table 4.10. Water chemistry data for San Juan River at Four Corners Bridge

San Juan River at Four Corners

Bridge 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum _Mean Dev cases Minimum Maximum _Mean Dev
Bicarbonate (mg/l) 30 67 165 113.7 23.9 4 88 141 111.5 22
Alkalinity (mg/l) 30 67 165 114.4 24.2 4 88 141 112 21.9
Arsenic dissolved (ug/l) 59 0.5 25 2 0.7 4 0.5 2 1.1 0.6
Arsenic total (ug/l) 59 1 19 3.5 3.3 4 1 9 4.8 3.3
Calcium dissolved (mg/l) 30 31.7 99.9 64.8 18.9 4 37.8 78.7 59 16.8
Copper dissolved (ug/l) 30 1 11 5 2.7 4 4 6 5 0.8
Copper total (pg/l) 30 25 130 23.3 26.3 4 6 65 39.3 25.1
Hardness ((mg/l) 30 103 340 220.4 69.6 4 117 274 198.5 65
Mercury dissolved (ug/l) 59 0.1 0.3 0.1 0 4 0.1 0.1 0.1 0
Mercury total (ng/l) 59 0.1 0.8 0.1 0.1 4 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 30 5.8 23.8 14.2 5.7 4 55 18.7 124 5.6
Sodium dissolved (mg/l) 7 14 60.1 45.6 16.3 4 23.9 54.4 38.1 14
Lead dissolved (ug/l) 59 0.1 7 0.6 0.9 4 0.1 0.7 0.3 0.3
Lead total (ng/l) 59 0.5 271 22.4 46.3 4 1 52.7 15.6 24.8
Selenium dissolved (ug/l) 59 0.5 2 0.8 0.5 4 0.5 2 1 0.7
Selenium total (ug/l) 59 0.5 4 1 0.7 4 0.5 2 1.1 0.6
Selenium total recoverable (ug/l) 9 0.5 1 0.8 0.3 4 0.5 2 1.1 0.6
Total dissolved solids (mg/l) 29 110 640 391 137.4 4 240 480 340 108.6
Total suspended solids (mg/l) 59 25 11700 673.4 1972.5 4 20 3990 1100 1930.8
Turbidity (NTU) 57 2 7900 401.4 1319.9 4 8.5 2000 543.6 973.1
Zinc dissolved (pg/l) 59 5 30 6.9 4.7 4 5 5 5 0
Zinc total (ng/l) 59 5 920 84.3 143.8 4 20 230 97.5 97.1
Temperature (°C) 59 0 26.3 12.3 7.4 4 4.6 17.9 12.4 6.4
pH 59 7.5 8.8 8.2 0.3 4 7.9 8.7 8.2 0.4
Conductance (umhos/cm) 59 250 870 580 179.7 4 370 710 530 148.4
Redox Potential (mv) 59 256 592 409 64.6 4 385 488 433 42.3
Oxygen dissolved (mg/l) 58 4.3 12.7 9.3 2 4 7.4 12.2 9.8 2.4
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Table 4.11. Water chemistry data for San Juan River at Montezuma Creek Bridge

San Juan River at Montezuma

Creek Bridge 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum Mean Dev cases Minimum Maximum Mean Dev
Bicarbonate (mg/l) 27 59 192 122.8 314 4 93 149 117 23.3
Alkalinity (mg/l) 27 59 192 123.6 31.7 4 93 149 117 23.3
Arsenic dissolved (ug/l) 55 0.5 25 2 0.8 4 0.9 2 1.2 0.5
Arsenic total (ug/l) 55 1 21 35 3.6 4 1 9 3.6 3.6
Calcium dissolved (mg/l) 27 33.9 132 73.9 25.8 4 39.9 88 65.6 19.8
Copper dissolved (ug/l) 27 2 15 5.4 3.5 4 2 4.3 3.6 1.1
Copper total (pg/l) 27 25 120 25.6 29.3 4 15 57 23.4 25.8
Hardness ((mg/l) 27 111 465 269 102.8 4 127 323 232 82.6
Mercury dissolved (ug/l) 55 0.1 0.2 0.1 0 4 0.1 0.1 0.1 0
Mercury total (ng/l) 55 0.1 0.8 0.1 0.1 4 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 27 6.5 40.5 20.5 9.6 4 6.7 25.1 16.6 8.2
Sodium dissolved (mg/l) 3 16 196 87.2 95.7 4 18.6 59 39.8 19.3
Lead dissolved (ug/l) 55 0.1 4 0.5 0.5 4 0.1 0.2 0.2 0.1
Lead total (ng/l) 55 0.5 129 18.4 27 4 0.5 50.8 134 25
Selenium dissolved (ug/l) 55 0.5 4 0.9 0.6 4 0.5 2 1.1 0.6
Selenium total (ug/l) 55 0.5 3 1 0.7 4 0.5 6 2.4 25
Selenium total recoverable (ug/l) 9 0.5 1 0.7 0.3 4 0.5 2 1.1 0.6
Total dissolved solids (mg/l) 25 170 800 456.4 176.1 4 220 560 3775 159.7
Total suspended solids (mg/l) 54 25 9100 683.3 1544.6 4 16 3320 975.5 1581.2
Turbidity (NTU) 54 3.9 6900 356.8 1007.8 4 7.2 1600 466.4 764.3
Zinc dissolved (pg/l) 55 5 60 7.2 7.9 4 5 20 8.8 7.5
Zinc total (ng/l) 55 5 540 82.7 110.9 4 5 220 93.8 104.8
Temperature (°C) 55 -0.2 27.8 12.7 7.4 4 5.6 18.4 12.5 6.7
pH 55 7.7 8.7 8.2 0.2 4 7.7 8.6 8.2 0.4
Conductance (umhos/cm) 55 280 1160 670 224.3 4 350 810 580 205.7
Redox Potential (mv) 55 250 516 403 65.1 4 385 459 422 30.7
Oxygen dissolved (mg/l) 54 5.1 12.3 9 1.9 4 7.2 11.6 9.5 2.2
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Table 4.12. Water chemistry data for San Juan River at Bluff Bridge

San Juan River at Bluff Bridge 1994-1998 1999

N of Standard N of Standard

Parameter cases Minimum Maximum _Mean Dev cases Minimum Maximum _Mean Dev
Bicarbonate (mg/l) 57 47 175 122.6 31.9 8 94 146 116.9 19.6
Alkalinity (mg/l) 57 47 175 122.7 31.9 8 94 146 116.9 19.6
Arsenic dissolved (pg/l) 114 0.5 25 2.1 0.7 8 1 2 11 0.4
Arsenic total (ug/l) 113 1 20 4.3 4.5 8 0.5 10 2.9 3.2
Calcium dissolved (mg/l) 57 32.3 121 74 22.3 8 41.4 91.2 65.7 18.6
Copper dissolved (ug/l) 57 1 13 6.1 3.2 8 2 6.7 3.9 15
Copper total (pg/l) 57 25 200 34 37.8 8 15 50 21 20.7
Hardness ((mg/l) 57 106 507 271 94.1 8 134 337 233.4 7.7

Mercury dissolved (ug/l) 114 0.1 0.5 0.1 0 8 0.1 0.1 0.1 0

Mercury total (pg/l) 114 0.1 0.7 0.1 0.1 8 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 57 6.2 49.8 21.1 9.7 8 7.3 26.5 16.8 7.8
Sodium dissolved (mg/l) 10 18 83 55.4 24.2 8 18.3 62.3 40.3 19.3
Lead dissolved (ug/l) 114 0.1 4 0.6 0.7 8 0.1 0.2 0.2 0.1
Lead total (ng/l) 113 0.5 144 23.1 32.8 8 0.5 35 9.4 15.2
Selenium dissolved (ug/l) 114 0.5 3 0.9 0.6 8 0.5 2 0.9 0.5
Selenium total (ug/l) 114 0.5 8 1.2 1.1 8 0.5 2 11 0.6
Selenium total recoverable (ug/l) 18 0.5 1 0.7 0.2 8 0.5 1 0.9 0.2

Total dissolved solids (mg/l) 54 160 990 489.3 181.9 8 230 560 388.8 145
Total suspended solids (mg/l) 114 1 9820 903.4 1822.8 8 12 2390 787 1024.5
Turbidity (NTU) 112 2 7900 570.9 1327.7 8 8.1 1500 356.1 552.2
Zinc dissolved (pg/l) 114 5 40 7.4 5.8 8 5 20 6.9 5.3
Zinc total (ng/l) 114 5 650 104.6 142.5 8 5 150 66.9 66.2
Temperature (°C) 114 -0.3 294 12.4 7.7 8 5 18.9 12.3 6.6
pH 114 7.7 8.6 8.2 0.2 8 7.9 8.6 8.2 0.3
Conductance (umhos/cm) 114 280 1150 690 228 8 360 820 600 1911
Redox Potential (mv) 114 4 535 401 84.4 8 366 468 425 40.2
Oxygen dissolved (mg/l) 112 5.4 12.7 9 2 8 7.6 12.4 9.7 2.1
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Table 4.13. Water chemistry data for San Juan River at Mexican Hat Bridge

San Juan River at Mexican Hat

Bridge 1994-1998 1999
N of Standard N of Standard
Parameter cases Minimum Maximum Mean Dev cases Minimum Maximum _Mean Dev
Bicarbonate (mg/l) 30 71 180 130.3 28.4 4 91 146 119.5 23.3
Alkalinity (mg/l) 30 71 180 130.3 28.4 4 91 146 119.5 23.3
Arsenic dissolved (ug/l) 59 0.5 25 2 0.7 4 0.7 2 1.2 0.6
Arsenic total (ug/l) 59 1 50 5 7.1 4 1 7 2.9 2.8
Calcium dissolved (mg/l) 30 32.7 112 75.5 23.7 4 42.5 90.5 67 19.6
Copper dissolved (ug/l) 30 2 13 5.6 3.3 4 3 5 3.8 1
Copper total (pg/l) 30 25 170 23.9 31.2 4 15 40 13.6 17.7
Hardness ((mg/l) 30 108 460 278.7 99.8 4 138 331 238.3 79.5
Mercury dissolved (ug/l) 59 0.1 0.1 0.1 0 4 0.1 0.1 0.1 0
Mercury total (pg/l) 59 0.1 1.1 0.2 0.2 4 0.1 0.1 0.1 0
Magnesium dissolved (mg/l) 30 6.3 43.8 21.9 10.1 4 7.8 25.6 17.3 7.7
Sodium dissolved (mg/l) 7 15 77.5 55.4 21 4 17.9 61.7 41.2 20.2
Lead dissolved (ug/l) 59 0.1 1 0.4 0.2 4 0.1 0.2 0.2 0.1
Lead total (ng/l) 59 0.5 327 23.1 51.9 4 0.5 314 8.2 155
Selenium dissolved (ug/l) 59 0.5 2 0.9 0.6 4 0.5 1 0.8 0.3
Selenium total (ug/l) 59 0.5 5 1.2 0.9 4 0.5 2 1 0.7
Selenium total recoverable (ug/l) 9 0.5 2 1.1 0.6 4 0.5 25 1.8 0.9
Total dissolved solids (mg/l) 29 170 800 493.1 179.7 4 250 570 400 143.1
Total suspended solids (mg/l) 59 1 16090 1328.9 27935 4 25 2770 849.1 1312.2
Turbidity (NTU) 57 1 11000 755.6 1825.1 4 4.9 825 254 389.4
Zinc dissolved (pg/l) 59 5 100 8.5 131 4 5 5 5 0
Zinc total (ng/l) 59 5 1620 111.6 230 4 5 130 57.5 62.8
Temperature (°C) 59 -0.2 29.8 12.6 7.9 4 5.5 19.1 12.5 6.7
pH 59 7.7 8.6 8.2 0.2 4 7.7 8.6 8.1 0.5
Conductance (umhos/cm) 59 270 1050 700 220.1 4 380 820 610 196.1
Redox Potential (mv) 59 245 537 403 70.6 4 367 475 421 46
Oxygen dissolved (mg/l) 58 5.8 12.9 9.1 2 4 7.2 11.4 9.4 1.9
Long-term Monitoring Plan 1999 Annual Progress Report Chapter 4
February 11, 2002 4-15 Water Quality

GO TO 2000 REPORT



	1999 REPORT TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	REFERENCES

	CHAPTER 1 - INTRODUCTION
	SAN JUAN RIVER STUDY AREA

	CHAPTER 2 - HYDROLOGY
	BACKGROUND
	METHODS
	Storm Influence

	RESULTS
	LIST OF TABLES
	Table 2.1. Summary of Navajo Dam release hydrograph characteristics since the beginning of the research period, 1992 to 1999.
	Table 2.2.  Flow Statistics met in each year
	Table 2.3. Summary of flows for the research (1991-1998) and monitoring (1999)periods, San Juan River at Four Corners, New Mexico

	LIST OF FIGURES
	Figure 2.1. 1999 hydrographs for Anims River at Farmington, San Juan River at
	Figure 2.2. Hydrographs for the San Juan River at Four Corners for 1991 - 1994.
	Figure 2.3. Hydrographs for the San Juan River at Four Corners for 1995 - 1999.


	CHAPTER 3 - GEOMORPOLOGY
	METHODS
	Channel Morpology - River Transects
	Cobble Bar Characteriziation
	Turbidity Monitoring

	RESULTS
	Channel Morphology - River Transects
	Measurement of Change in Reach 1 Cross-Sections
	Cobble Substrate Characterization
	Topography Changes in Cobble Bars
	Characterization of Bed Material
	Depth of Open Interstitial Space

	Suspended Sediment Analysis
	Sediment Sampling
	Turbidity Monitoring


	LSIT OF TABLES
	Table 3.1. San Juan River channel morphology monitoring cross-section locations by geomorphic reach
	Table 3.2. Peak discharge and Volume at Bluff (1991 - 1999)
	Table 3.3. Summary of cobble bar change for bars at RM 173.7, 168.4 and 132.
	Table 3.4. Summary of percent cobble substrate, pre- and post-runoff, 1999 for Reach 3-6 Transects
	Table 3.5.  Cobble size distribution for the four surveyed cobble bars.
	Table 3.6.  Flow based Sediment Event Days and Turbidity based Sediment Days.

	LIST OF FIGURES
	Figure 3.1.  Average relative bed elevation for Reach 3-6 transects, 1992-1999.
	Figure 3.2.  Minimum relative bed elevation for Reach 3-6 transects, 1992-1999
	Figure 3.3.  Mean relative bed elevation for Reach 3-6 Transects, 1992-1999
	Figure 3.4.  Minimum bed elevation averaged for Reach 3-6 Transects, 1992-1999
	Figure 3.5.  Net change in Reach 3-6 Transects, 1992-1999
	Figure 3.6 Average relative bed elevation for Reach 1 transects, 1993-1999.
	Figure 3.7.  Bed elevation averaged for both transects in Reach 1, 1993-1999
	Figure 3.8.  Lake Powell water suface elevation, 1986-1999.
	Figure 3.9. Topography of cobble bar at RM 137.7, 1993-1999
	Figure 3.10.  Topography of cobble bar at RM 168.4, 1993-1999.
	Figure 3.11. Topography of cobble bar at RM 132, 1995-1999.
	Figure 3.12. Topography of cobble bar at RM 131, 1997-1999
	Figure 3.13.  Areas of scour and deposition pre- to post-runoff for the RM173.7 cobble bar
	Figure 3.14.  Area of scour and deposition pre- to post-runoff for the RM 168.4 cobble bar.
	Figure 3.15.  Area of scour and deposition pre- to post-runoff for the RM 132 cobble bar
	Figure 3.16. Scour and deposition composition at Reach 3-6 transects between pre-and post-runoff, 1999.
	Figure 3.17.  Cobble percentage at each transect, 1992-1999.
	Figure 3.18. November 15, 1999 survey with embeddedness markers.
	Figure 3.19. November 16, 1999 survey with embeddedness markers.
	Figure 3.20. October 28, 1999 survey with embeddedness markers.
	Figure 3.21. October 28, 1999 survey with embeddedness markers.
	Figure 3.22.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 173.7
	Figure 3.23.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 173.7 expressed in d50 cobble size.
	Figure 3.24.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 168.4 expressed in cm
	Figure 3.25.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 168.4 expressed in d50 cobble size.
	Figure 3.26.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 132 (m-6) expressed in cm.
	Figure 3.27.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 132 expressed in d50 cobble size.
	Figure 3.28.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 131 (M-4) expressed in cm.
	Figure 3.29.  Frequency Distribution of Depth of Open Interstitial Space for Cobble Bar 131 (M-4)  expressed in d50 cobble size.
	Figure 3.30.  Area of Depth of Open Interstitial Space Exceedence for 173.7.
	Figure 3.31.  Area of Depth of Open Interstitial Space Exceedence for 168.4.
	Figure 3.32.  Area of Depth of Open Interstitial Space Exceedence for 132 (M-6).
	Figure 3.33.  Area of Depth of Open Interstitial Space Exceedence for 131 (M-4).
	Figure 3.34.  Results of 1999 Suspended Sediment Sampling
	Figure 3.35.  Historical Sediment Concentration at Bluff
	Figure 3.36 Montezuma Creek Turbidity Data and Four Corners Gage Flow
	Figure 3.37.  Shiprock Turbidity Data and Shiprock Gage Flow
	Figure 3.38.  Montezuma Creek and Shiprock Turbidity versus Concentration.


	CHAPTER 4 - WATER QUALITY
	METHODS
	Water Temperature
	Water Chemistry

	RESULTS
	Water Temperature
	Water Chemistry

	LIST OF TABLES
	Table 4.1. Water temperature monitoring locations and period of record
	Table 4.2. San Juan River water quality monitoring sites
	Table 4.3. San Juan River Monitoring Program water quality parameters
	Table 4.4. Water chemistry data for San Juan River at Archuleta Bridge
	Table 4.5. Water Chemistry data for Animas River at Farmington
	Table 4.6.  Water Chemistry data for San Juan River at Farmington Bridge
	Table 4.7.  Water chemistry data for La Plata River near Farmington
	Table 4.8.  Water chemistry data for San Juan River at Shiprock Bridge
	Table 4.9.  Water chemistry data for Mancos River near Four Corners
	Table 4.10.  Water chemistry data for San Juan River at Four Corners Bridge
	Table 4.11.  Water chemistry data for San Juan River at Montezuma Creek Bridge
	Table 4.12.  Water chemistry data for San Juan River at Bluff Bridge
	Table 4.13.  Water chemistry data for San Juan River at Mexican Hat Bridge

	LIST OF FIGURES
	Figure 4.1.  San Juan Basin Water Average Temperature Data
	Figure 4.2.  Archuleta Maximum, Minimum and Average Water Temperatures
	Figure 4.3.  Montezuma Creek Maximum, Minimum and Average Water Temperatures


	CHAPTER 5 - HABITAT STUDIES
	HABITAT QUANTITY
	HABITAT QUALITY
	LIST OF TABLES
	Table 5.1. Seven general categories of habitat types on the San Juan River

	LIST OF FIGURES
	Figure 5.1. The percent distribution of general habitats in the San Juan River during November-December 1998.
	Figure 5.2. The spatial distribution of habitats in the San Juan River, November - December 1998. Run habitats are not shown
	Figure 5.3. The habitat diversity values for the San Juan River (Reaches 1-6) and the overall river-wide average for November 1998 compared to previous trips where flows were between 800-1,200 cfs
	Figure 5.4. The surface area (above) and counts (below) of backwater habitats in the San Juan River between July 1991 and November 1998. Data are for each reach and RM 2 through 180.
	Figure 5.5. The surface area of backwaters (above) and counts (below) for three reaches in the San Juan River between July 1991 and November 1998
	Figure 5.6. The depth of sediments (meters) in backwater habitats of the San Juan River


	APPENDIX A
	CS6-01 (Section T)
	CS6-02 (RT-01)
	CS6-03 (RT-02)
	CS5-01 (RT-03)
	CS5-02 (RT-04)
	CS5-03 (RT-05)
	CS4-01 (RT-06)
	CS4-02 (RT-07)
	CS4-03 (Section E)
	CS3-01 (RT-09)
	CS3-02 (RT-10)
	CS3-03 (RT-11)
	CS1-01 (C-01)
	CS1-02 (C-02)


	2000: 


